INTRODUCTION
The basic genetic defect in CF causes chronic airway infection with several bacterial pathogens especially Gram negative organisms such as Pseudomonas Aeroginosa. [1] [2] [3] This infection leads to bronchiectasis, progressive loss of lung function, and respiratory failure. Affected patients commonly develop recurrent pulmonary exacerbations with symptoms of increased coughing, sputum production, fever, weight loss, and acute deterioration of lung function. 4 Oral and IVantibiotics given to treat acute pulmonary exacerbations result in subjective and objective improvement of symptoms, lung function, improvement in the quality of life (QOL), and longer life expectancy in patients with CF. 4 In children and adults with CF, several weeks of IV antibiotic courses, intense airway clearance, chest physiotherapy, and nutritional support have been the main therapeutic interventions for severe pulmonary exacerbations in North America. 4 The alternative European approach in children and adults with CF prefers regular intermittent IV antibiotic courses even in the absence of acute respiratory symptoms. 5, 6 Over the last 40 years, many different treatment strategies have been implemented including antibiotics administered at the home and hospital which led to improved survival of adults and children with CF. 5 Since the introduction of home IV antibiotic treatment, many investigators have reported their experiences and comparisons of home to hospital IV antibiotic treatments of CF lung disease. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] These studies involved adult patients or groups of adults and children.
Home IVantibiotic treatment is an attractive alternative because of its potential benefits that may include reducing frequency of hospital admissions, decrease hospital stay, increased independence from the hospital, earlier intervention, less risk of cross infection, better QOL, and more cost savings. 20 However, three recent studies disputed the effectiveness of routine use of home IV antibiotics for patients with CF with minimum supervision. [15] [16] [17] The cost effectiveness and effect on QOL of home treatment of pulmonary exacerbations were also shown to be less favorable than hospital treatment by two other studies. 18, 19 Most of the studies that compared hospital versus home IV antibiotic treatment interventions included either adult patients only or had a significant number of adult subjects enrolled; none was carried out exclusively in the pediatric age group. The impact of the location of treatment could be different on children with CF and their families as compared to adult patients.
We conducted this retrospective study to compare the effectiveness of home versus hospital IV antibiotics in the treatment of acute pulmonary exacerbations in children with CF in an urban tertiary center under regular practice conditions.
MATERIALS AND METHODS

Study Design
The design of this study was a retrospective chart review. We reviewed charts of children with CF admitted to Children's Hospital of Michigan between the years of 1994 and 2003. The diagnosis of CF was based on a documented abnormal sweat chloride testing, genotyping, and typical clinical signs and symptoms.
Inclusion and Exclusion Criteria
We included patients between 6 and 21 years of age with an acute pulmonary exacerbation requiring IV antibiotics. We defined an acute pulmonary exacerbation clinically as appearance or exaggeration of several symptoms including: dyspnea, fever, fatigue, increased cough, increased volume and changed appearance of sputum, decreased appetite, and/or weight loss. 4 Pulmonary function tests (PFT), O2 SAT, and weights were documented at the onset and after completion of the IV antibiotic course.
We excluded from our study patients younger than 6 years of age due to their inability to perform a reliable PFT. We also excluded patients' encounters with the following criteria: FEV1 less than 25% predicted, severe pulmonary or other CF-related complication such as: pneumothorax, massive hemoptysis, hematemesis, intestinal obstruction, liver failure, or significant weight loss requiring gastrostomy tube placement at the time of IV antibiotic therapy. Charts of all children who met our inclusion/exclusion criteria were reviewed.
Treatment Protocol
Each pulmonary exacerbation requiring IV antibiotics was considered an encounter. Encounters were subsequently divided into two groups based on location of completion of IVantibiotics. All treatments were initiated in the hospital. The hospital group was defined as those patients whose IV antibiotics were given at the hospital entirely. The home group was defined as those patients who completed IVantibiotics at home after a maximum of 8 days of hospital IV antibiotics. Patients in the home group were then discharged from the hospital for completion of IV antibiotics, other medications, nutrition, and chest physiotherapy at home.
In both groups, antibiotics were chosen based on sputum culture and antibiotic sensitivity results done at the University Laboratories at Detroit Medical Center/Wayne State University. Most patients received a combination of an aminoglycoside and broad-spectrum penicillins, or third generation cephalosporins. In the hospital group a multidisciplinary team was involved in treatment. It included the medical staff, nurses, respiratory therapists, social workers, and dieticians. In the home group, parents and trained family members were instructed on how to administer IV antibiotics and chest physiotherapy by the durable medical equipment (DME) suppliers, hospital based IV team, and the CF team. Medications were mostly administered by parents and caregivers of children in the home group. Older children helped with medication administration, nebulized treatments, and chest physiotherapy under supervision. All of our patients lived with their caregivers; none of our patients lived alone. Patients were also advised to optimize nutrition and monitor improvement of symptoms. Patients had to be in a relatively stable respiratory state on discharge from the hospital.
Location of Treatment
Decision on location of treatment was based on patients' and caregivers' preferences, physician's approval, available resources, and prior experience of patients and their caregivers. Caregivers selecting home treatment had to be willing to provide home therapy, available, adherent to treatment, and easily contacted.
Treatment Follow-Up
In the both groups aminoglycoside levels, blood urea nitrogen (BUN) and creatinine serum levels were measured during the initial hospitalization and doses of aminoglycosides were adjusted accordingly. The BUN and creatinine serum levels were measured once or twice per week during the treatment period. In the home group, blood was drawn at home and results were sent to the treating physician. Our CF team nurses did not provide any home visits for the home group. However, patients had access to the CF nurse coordinator and the CF team physicians on a 24-hr basis for any questions, concerns, or IV access. DME personnel were also available for questions or concerns with the home equipment, medications, supplies, and problems with IV access.
Patients from the home group were seen at 1-to 2-week intervals throughout their treatment and more frequently if symptoms indicated. Immediately at the end of antibiotic treatment (within 1-2 days), patients were scheduled for a clinic visit. During that visit, patients underwent a clinical evaluation and PFT, which helped to make the decision whether to continue treatment with IV antibiotics, or not.
Outcome Variables
PFT, O2 SAT, and weights were documented at the onset and after completion of the IVantibiotic course. PFT parameters included FEV1, FVC, FEF 25-75 , and FEF max .
Primary outcome variables were FEV1 and total duration of therapy with IV antibiotics. Secondary outcome variables were FVC, FEF 25-75% , FEF max , O2 SAT, and weight. The two groups were divided into three categories according to the severity of FEV1 at the time of initiation of intravenous antibiotics (T1). Patients from each group were classified as mild when FEV1 was more than 70%, moderate when FEV1 was between 40% and 69%, and severe when FEV1 was between 39 and 25%.
Data Analysis
An independent samples t-test was employed to examine mean differences at baseline with continuously scaled variables. A Fisher's exact test was selected for comparisons between study groups on categorically scaled variables. An analysis-of-covariance (ANCOVA) examined mean differences in the primary outcomes of FEV1 and length of treatment between the two study groups while controlling for baseline values. Statistically significant differences were considered achieved at a Pvalue 0.05, two-tailed. Appropriate assumptions for mean comparisons (normality and homogeneity of variance) were checked and verified. If violated, nonparametric tests (i.e., Mann-Whitney U, Friedman) were substituted.
Time 1 (T1) was defined as the outcome variable at the time of initiation of therapy and time 2 (T2) was defined as the value after completion of antibiotic course. Percent change [PC ¼ (T2 À T1)/T1 Â 100] was calculated for each outcome variable.
Secondary analyses examined mean differences in FEV1 and length of treatment holding severity outcome (mild, moderate, or severe) and then gender (male vs. female) as additional factor variables in a two-factor ANOVA. All statistical procedures were conducted using SPSS Version 13.0.
This study was approved by the Wayne State University Human Investigation Committee.
RESULTS
Patients
Twenty-seven patients had encounters in the hospital and 23 at home. We identified 143 encounters of pulmonary exacerbations in patients with CF, with 64 in the hospital group and 79 in the home group. The mean age of all patients was found to be 12.7 AE 3.8 years.
The majority of encounters were for Caucasian children (90.2%), 9.1% were for African Americans, and 0.7% were for Hispanics. Female patients had 60.1% of the encounters while 39.9% of the encounters were for males.
No statistically significant differences were found between study groups at baseline relative to age, gender, weight, or PFT ( Table 1) .
Results of the two-factor ANOVA revealed no significant differences in mean FEV1 values between the two study groups when examined according to disease severity classification at treatment initiation ( Table 2) .
Treatment of exacerbations in both groups resulted in significant improvement of lung function, O2 SATS and weight (P 0.001).
Overall, FEV1 percent change (PC) was significantly higher in the hospital group (39 AE 3.7) compared to the home group (23 AE 30.0) (P ¼ 0.04) ( Table 3) . Although not statistically significant mean changes in FVC, FEF , and FEF max were also higher for patients in the hospital group in comparison to those in the home group (Table 3) . The duration of IV antibiotic therapy was significantly shorter in the hospital group (16 AE 5.0) than in the home group (19 AE 5.6) (P ¼ 0.001) ( Table 3) .
The hospital group patients with severe lung disease had greater improvement in FEV1 (93 AE 9.4), in comparison to the home group (45 AE 7.8) (P ¼ 0.001) ( Table 4) .
Although not statistically different, mean PC in FEV1 in both the mild and moderate severity categories was also higher in the hospital group than in the home group (Table 4 ). In the mild category, the hospital group recorded a mean FEV1 change of 7 AE 8.3 and in the home group 2 AE 5.3 (P ¼ 0.64). In the moderate category of severity, the hospital group recorded a mean FEV1 change of 29 AE 3.4 and the home group 21 AE 3.1 (P ¼ 0.12).
Mean length of treatment between the home and hospital study groups, when examined according to disease severity, revealed a significantly shorter length of treatment for patients with moderate lung disease in the hospital group (16 AE 0.8) than for patients in the home group (19 AE 0.8) (P ¼ 0.02). Mean length of treatment was also consistently shorter for patients in the hospital group even with mild and severe disease (Table 5) .
Lastly, mean length of treatment in days within a gender type by study group differed significantly for females. Females in the home group recorded a higher mean treatment length (19 AE 0.8) in comparison to females in the hospital group (15 AE 0.9) (P ¼ 0.001). Although not statistically significant, mean length of treatment in days for males between study groups was slightly higher for males in the home group (18 AE 0.9) than for males in the hospital group (17 AE 1.0) ( Table 6 ).
DISCUSSION
Both home and hospital IV antibiotic treatments resulted in significant improvement from baseline in our patient population. However, hospital IV antibiotic courses lead to greater improvement in lung function and required a shorter duration of treatment than home IV antibiotic treatment.
Over the last 2 decades, studies from several countries have shown conflicting results concerning the benefits of home versus hospital IV antibiotic treatment of CF lung infections. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] The evaluated outcomes in these reports included changes in lung function, duration of treatment, QOL, anthropometric measures, and cost effectiveness. The majority of patients enrolled in these studies were adults. Comparing these studies could be problematic because of their differences in several aspects such as patients' age, outcome measures, study designs (prospective vs. retrospective; open vs. random enrollment), treatment indications, and length of treatment periods. In addition, the small number of subjects included in most of the studies may have prevented differences between hospital and home IV antibiotics from reaching statistical significance and possibly masking the superiority of one intervention versus the other. Various studies revealed that home IV antibiotic treatments had similar clinical outcomes, provided better QOL and were less costly than hospital interventions [8] [9] [10] [11] [12] [13] [14] in many European centers; patients with CF are given IV antibiotics on a regular basis even in the absence of acute pulmonary exacerbations as recommended by the European panel. 5 Home treated patients are more carefully selected and better prepared for home care. In addition, many of the home treated subjects had visiting nurse support that assisted with administering the medications and chest physiotherapy.
This study is the first report that compared home to hospital IV antibiotic treatments exclusively in children with CF. Our results are in partial agreement with four recent reports that showed a better outcome of hospital IV antibiotics in patients with CF thought to be capable of performing this type of home care. [15] [16] [17] [18] Unlike Bosworth and Nielson, 17 our results are similar to the findings reported by Bradley et al. 16 that showed a significant increase in lung function in both hospital and home treated patients with better improvement in the hospital group. 16 However, similar to Bosworth and Nielson 17 the home treated group in our center required a longer duration of treatment in comparison to the hospital group. The results of our study and of other reports suggest that routine home IV antibiotic treatment of CF acute pulmonary exacerbations may be less beneficial.
We do not know the reasons for the superiority of hospital IV antibiotics in our pediatric patient population. We had no reason to question the adherence of our patients and their families. However, it is possible that a few of these children had missed some IVantibiotic doses, did not have vigorous chest physiotherapy, had insufficient rest, or inadequate nutritional support.
Although optimal adherence with home IV antibiotic administration was reported by Bosworth and Nielson, their patients reported less frequent and possibly less intense chest physiotherapy at home. 17 Adherence with home therapy in adult patients with CF is variable and could conceivably be as low as 50%. 21 Possible reasons for improper adherence in adults with CF include inadequate adherence with IV therapy and airway clearance, and pressures to return early to school or work with less than adequate restful and recovery time. 22, 23 In a questionnaire given to 50 adult patients with CF with 85% response rate, 70% of the subjects admitted missing 5 days of antibiotic doses per course, 84% had drugs left over, and 45% threw some drugs away. The main reasons given for the lack of optimal adherence included problems with venous access, failure to get up on time, inability to fit all the treatments in the busy daily schedules, and lack of interest in the treatment. 22 Although we had no reasons to suspect suboptimal adherence from our patients or their caregivers in carrying their respective duties, we had no objective measures to evaluate their adherence. In our experience, we never had any reports, concerns, or complaints from DME suppliers that patients had any extra medications they never used.
Limitations
There were several limitations of our study. Since this was a retrospective study, patients could not be randomized to either the hospital or home group. The power of our study was limited and the results should be interpreted with caution, based upon our small sample size. In addition the exclusion of severely affected patients and patients with complications may have affected our results. We did not objectively assess adherence of patients and caregivers in the home group in terms of administration of IV antibiotics, nutrition, or chest physiotherapy. Newer modalities of treatments that emerged during our 10-year study period may have favorably affected the outcomes of patients recently enrolled. However, we assume that patients were treated according to the standard of care at time of enrollment regardless of where they were treated for their acute exacerbation. The design of our study, mainly the fact that it was a retrospective study made it hard to assess the long-term outcomes' effectiveness of treatment interventions. Lastly we did not collect information on the QOL in our patients during these years. Therefore, we were not able to study the impact of pulmonary exacerbations and compare the effect of the two interventions on QOL in both groups.
In summary, we evaluated the results of hospital and home IV antibiotic treatments of acute pulmonary exacerbations in children with CF. Both therapies resulted in significant improvement in pulmonary function and weight gain. However, hospital based intervention led to a much greater improvement in lung function and required shorter duration than home IV antibiotic treatment.
Randomized, prospective, long-term studies with a larger sample size of patients are needed to compare hospital versus home treatment in patients with CF with acute pulmonary exacerbations. 
